Introduction
Team-based models of health care, such as the PatientCentered Medical Home, help to achieve improved health, better care and lower costs (Nielsen, Langer, Zema, Hacker, & Grundy, 2012). The Institute of Medicine defines team-based health care as the "provision of health services to individuals, families, and/or their communities by at least two health providers who work collaboratively with patients and their caregivers -to the extent preferred by each patient -to accomplish shared goals within and across settings to achieve coordinated, high-quality, and patient-centered Corresponding Author: Maria C. Pruchnicki, PharmD, BCPS, BCACP, CLS The Ohio State University College of Pharmacy 500 W 12th Ave, Columbus, OH 43210 Email: pruchnicki.1@osu.edu; Phone: 614-292-1363 care." (Morrison et al., 2012) To adequately prepare health professional students to practice in this collaborative environment, students must be taught and evaluated on their ability to work as part of an interprofessional (IP) team. Interprofessional education IPE) is defined by the World Health Organization as students from two or more professions learning about, from and with each other to enable effective collaboration and improve health outcomes. ("Framework for Action," 2010). To this end, the Interprofessional Education Collaborative (IPEC), consisting of education associations from several health professions, was established to create competencies for interprofessional practice. IPEC developed four competency domains for interprofessional collaborative practice: (1) values/ethics for interprofessional practice, (2) roles/responsibilities, (3) interprofessional communication, and (4) teams and teamwork ("Core Competencies," 2011).
Understanding team member's roles on the interprofessional team is necessary to provide quality patient-centered care ("Core Competencies," 2011). In the study by Suter and colleagues (2009) , practicing health professionals identified understanding and appreciating professional roles and responsibilities as a major core competency for patientcentered collaborative practice. Reflective journaling from health professionals participating in collaborative care for the first time demonstrated that providers' not understanding role identity for all professions is a significant challenge (Makowsky et al., 2009 ). Though students may feel they understand their own role, there is evidence that shows they may not be able to describe that role to others (Lamb et al., 2008) . Lack of knowledge about roles and the inability to communicate one's own professional identity may inhibit a patient care team from functioning effectively (Delva, There are no published studies comparing students from different academic settings with variable exposure to interprofessional education/practice to determine which methods may better prepare students for IP practice. Two reviews of IPE literature (Abu-Rish et al., 2012; Brandt, et al., 2014) identified 496 and 83 articles, respectively. While some articles addressed knowledge of roles, none compared knowledge of roles across institutions on the same measurement tool. We expected that students who participated in IPE would be more knowledgeable about roles on an interprofessional team and therefore, feel more prepared to practice in that collaborative environment (Figure 1 ). The purpose of this research was to assess student knowledge of interprofessional roles. Specifically, our aims were to determine what relationships were relevant to preparedness for INTERPROFESSIONAL practice and if differences existed among student cohorts based on profession, type of learning institution, and/or participation in IPE.
Methods

Participants
We conducted a cross-sectional survey of health professional students aged eighteen years and older prior to entering the major experiential components of their professional training. Specifically, second-year medical and nursing students and third year pharmacy students were included, which coincides with student transitions from primarily didactic curricula to the experiential learning where they often interact with other health professionals on a team. Students from three universities with different professional programs of study with unique approaches to IP learning (Table 1) were invited to participate: (1) medical, nursing, and pharmacy students at The Ohio State University (OSU); (2) medical and nursing students at Ohio University (OU); and (3) medical and pharmacy students at Northeast Ohio Medical University (NEOMED).
Data Collection
A survey was adapted from published research (Azhar, Hassali, Mohamed Ibrahim, Saleem, & Siow, 2012; Vrontos, Kuhn, & Brittain, 2011) and reviewed for face validity by approximately 20 practicing professionals and non-included students from all three professions; the focus of the initial review was for appropriateness, readability, ease of use, and timing. The final survey (Appendix A) was distributed online via Qualtrics (Provo, Utah), and required approximately ten to fifteen minutes to complete. Emails containing the anonymous survey link were sent out to student cohorts by faculty representatives at each institution. The survey was open for four weeks (January 17 -February 14, 2013) . A modified version of the Dillman Tailored Design Method (Dillman, 2000) was utilized, with a survey announcement sent out three days prior to the initial survey invitation and two reminder emails sent on days 9 and 26. Respondents were incentivized to participate through a drawing for gift cards. This research was determined to be exempt by the human subjects institutional review board of The Ohio State University and partner institutions.
Survey Measures
The survey contained four sections. Part one, the knowledge test, was an objective assessment of students' knowledge of physicians', pharmacists', and nurses' roles specifically related to 19 distinct health care tasks or services in the outpatient setting. An overall score and three knowledge subscores, one for each profession, were calculated for each respondent. The structure of the knowledge test portion of Part two consisted of five questions regarding student experiences with IPE in their program of study, including types of IPE activities and the different professions that participated. Part three contained six questions related to student's perceptions of their preparedness to practice on an interprofessional team. Students were asked to rate themselves on a four point scale regarding their understanding of roles, ability to communicate roles, and preparedness to work on an interprofessional team. These measures were dichotomized for data analysis. Students were also asked to select which specific professions they felt ready to work with on an interprofessional team. Finally, part four collected participant demographics, including age, gender, program of study, and institution.
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Data Analysis
All demographic and survey items were summarized using descriptive statistics. Categorical variables were expressed using frequencies and percentages. Continuous variables were expressed using means and standard deviations. An analysis of variance (ANOVA) test was used to compare knowledge test scores between the three university groups. Chi-square tests were used to identify relationships between university, profession, or IPE participation with student reported preparedness and understanding. Two sample ttests were used to compare knowledge test scores and subscores by IPE participation or student perceptions of preparedness. All analyses were conducted in SAS version 9.2 (Cary, North Carolina). A p-value of <0.05 was considered to be statistically significant.
Results
A total of 273 of 981 invited students responded, providing an overall response rate of 27.8%; respectively, Northeast Ohio Medical University (NEOMED) 25.0% (46/184), Ohio University (OU) 31.7% (76/240), and The Ohio State University (OSU) 27.1% (151/557). However, the number of responses varies for each question as every respondent did not answer all the questions. Three respondents did not answer the question related to preparedness for interprofessional practice and thus were not included in analyses requiring that response. Of the 273 respondents, 58 were nursing students (21.2%), 74 were pharmacy students (27.1%), and 141 were medical students (51.6%). Student demographics by institution are reported in Table 2 .
Survey Measures Participation in Interprofessional Education
. Among all respondents, 71.8% (196/273) had participated in IPE. The majority of students reported participation in an interprofessional activity as an educational requirement. If there was not a program of study for that profession at their institution, students were less likely to receive formal education on the role of a profession. Table 3 Students who received formal education about a profession's role were more likely to feel prepared to work with that profession to provide patient care than those who did not 
Knowledge and Preparedness.
There was an association between knowledge of professional roles and perceptions of preparedness for interprofessional practice. For all respondents, those who reported feeling prepared to work with a given profession scored significantly higher on that profession's subscore on the knowledge test compared to those who did not feel prepared to work with that profession (Figure 3) . Knowledge and IPE. On the knowledge test, there was no statistically significant difference in mean overall score between students who did and did not participate in IPE (Figure 4 ). When all respondents are considered, those who received formal education about a pharmacist's role scored significantly higher on the pharmacist subscore than those who did not receive formal education about a pharmacist's role (p<0.0001). However, this trend was not seen between those who were and were not educated about nurse or physician roles among all respondents (p=0.1530 and p=0.2459, respectively).
Discussion
In our study, student knowledge and IPE exposures were both positively associated with health professions students' perceived preparedness for interprofessional collaboration. However, IPE participation itself was not significantly associated with improved knowledge scores. Previous studies have shown that specific IPE interventions can improve knowledge of health professional roles (Vrontos et al., 2011) . In the study by Vrontos, et al, students who attended a university-wide interprofessional day were more knowledgeable about pharmacist-provided services. The students included in our study reported varying exposure with IPE and the specific interprofessional activities differed by institution and professional program. It is not known whether our participants' IPE activities emphasized knowledge of roles.
Of interest, knowledge of pharmacist roles did appear to be related to IPE. Students who received formal education on the role of a pharmacist scored significantly better on the pharmacist subscore than those who did not receive formal education. This may be due to the fact that the profession of pharmacy is undergoing significant changes, with more widespread transition of pharmacists into providing nondispensing related patient care services in the outpatient setting (e.g., medication management, immunizations, etc. Nursing professionals have faced similar challenges in the past with expansion of nurse practitioner roles. Nasaif and colleagues (2012) reported a high correlation between primary care providers' knowledge and attitudes toward the nurse practitioner (NP) role after implementing an intervention to educate them on NPs' abilities. Banahan and Sharpe (1979) also found that previous knowledge was a major factor influencing physicians' support of NPs and was significantly associated with higher acceptance of NPs. This emphasizes the importance of educating health professionals and students about knowledge of roles, particularly in disciplines undergoing practice transitions. IPE is one method for doing so and may provide benefits beyond more traditional education methods (eg. learning only within one's profession) as IPE gives students the opportunity to work with each other. Students may also come into IPE activities with more prior knowledge or experience with some professions. This should be taken into consideration when designing IPE activities, in order to maximize learning exposure to those professions where understanding of practice roles requires greater development.
Timing for IPE may also be important, as students with inaccurate or incomplete knowledge of roles and abilities of other health professionals may be unprepared to collaborate in the advanced experiential components of their training. Our research suggests that inclusion of specific activities to improve knowledge of roles for professions undergoing transitions may be important to include prior to experiential components of the curriculum. Currently, students may be unaware of non-dispensing roles for pharmacists and thus may not be prepared to interact with pharmacists functioning in these roles. This could negatively affect learning outcomes and ultimately reduce the quality of patient care.
This study focused on the IPEC core competency related to roles and responsibilities ("Core Competencies," 2011). Our results suggested that knowledge of roles and responsibilities was associated with increased student perception of preparedness. It is likely that other IPEC competencies contribute (and may contribute more) to preparedness than knowledge of roles alone. For example, skills related to interprofessional communication and team-building were not assessed in this study, but could have been learned through IPE and contributed to students' self-perceptions. Previously published studies of pre-licensure health professionals have shown the benefit of IPE on the development of collaborative skills (Reeves, Goldman, Burton, & Sawatzky-Girling, 2010). Individual student characteristics like confidence and willingness to participate (again not measured in our study) likely also play an important role. Furthermore, it is plausible that one or both may be enhanced through knowledge-based or exposure-based IPE instruction. In our study, no differences in preparedness between universities were found when only students who participated in IPE were included. This may suggest that the type of IPE is not as important as the opportunity to interact with peers.
NEOMED was chosen as one of the study universities because IPE is included in their professional programs for all medicine and pharmacy students. This effort currently includes several structured interprofessional courses and a variety of learning activities primarily taking place during the first two years of the curriculum. Our study was unable to discern differences in knowledge outcomes between the IPE curriculum (NEOMED) and the comparison schools; however, only a small number of NEOMED students responded to our survey invitation (n=46). The study was not powered apriori to detect statistically significant differences in knowledge between universities.
Our study has several limitations. Our response rate was lower than anticipated, which led to a smaller sample size, especially from the model IPE school. With survey research there is always the potential for response bias and it could be that only students who were interested in IPE completed the survey. We also acknowledge that our study population was limited to three universities in the state of Ohio, which may limit application elsewhere. However, the schools in our sample did represent different types of institutions with unique approaches to IPE and thus may speak to the overall impact of IPE rather than confounding due to a specific learning approach.
This study used self-reported participation in IPE and student perceptions of preparedness as a means of measuring IPE effect on preparedness for interprofessional practice. The survey instrument contained information that would prime participants as to what qualified as IPE, however there was no way to confirm their self-assessment due to the anonymous nature of responses. Furthermore, the literature shows that accuracy of self-assessments among health professionals tends to be poor (Davis, 2006) . Despite this, our study results suggest that students were at least somewhat able to predict their abilities. Those who were more knowledgeable, determined by objective scores on the knowledge test, ranked their ability to explain roles higher than those who scored lower on the knowledge test (as expected).
A final limitation to this research is that our survey had not been previously validated and may have introduced unintended variables. Unfortunately, no current instrument exists that has been validated for assessing knowledge of roles. This remains an excellent area for exploratory research. The knowledge test was reviewed by practicing professionals in each field for face validity, to ensure completeness of health care related activities and accuracy of correct responses. Cronbach's alpha demonstrated an acceptable value for reliability at 0.83.
Conclusion
Interprofessional education may contribute to student perceptions of preparedness for collaborative practice through a variety of activities and exposures, as described in our study. Participation in IPE activities in the representative institutions was high, as was knowledge of professional roles. Both participation in IPE and increased knowledge of roles were associated with increased student-assessed preparedness. However, participation in IPE was not associated with increased knowledge of roles. (Figure 1 Pharmacy and medicine students may participate in a Bioethics Certificate program at NEOMED that is interprofessional in nature and offers credit through the College of Graduate Studies.
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M1 and P1 students participate together in foundational science courses including physiology, biochemistry, and immunology and the Evidence Based Medicine sequence (parts 1 and 2).** M1 and P1 students complete the Community Experience course in which students are grouped into interprofessional teams and are required to develop, implement, and evaluate a community project.
For the Interprofessional Team Project (ITP), occurring during the second professional year for medical and pharmacy students (M2/P2), groups of 4-5 students participate in a three part sequence that utilizes team-based learning with vertical and horizontal integration to other curricular content to address relevant team based care topics. The three part project focuses on: (1) utilizing evidence based medicine skills to determine the effectiveness of team based care, discharge planning, and strategies to reduce readmission rates.; (2) identifying best practices for effective transitions of care, and; (3) defining the different roles and responsibilities for various providers within a patient centered medical home (PCMH). One 2-3 hour high-fidelity patient simulation (various professions) where interprofessional student groups are working as a team to develop a plan and treat the patient(s).
Institution
*NEOMED = Northeastern Ohio Medical University, OU = Ohio University, OSU = The Ohio State University ** In this situation, the students from two different professions sitting in class together does not constitute IPE according to the WHO definition. However, learning activities exist within each foundational science courses at varying levels that students from pharmacy and medicine are working together and learning from and with each other. Percentage of all survey respondents reporting preparedness to work with nurses, pharmacists, and physicians, respectively, by formal education on roles. All respondents were asked to indicate whether they felt prepared to work with each profession on a team, regardless of their own profession. These results indicate the percentage of respondents who feel prepared to work with each respective profession based on their exposure to formal education about that profession's role on an interprofessional team. 
